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57) ABSTRACT 
A plurality of FET or other amplifiers are connected 
between respective outputs of an N output port power 
divider network and respective inputs of an N input 
power combining network in a variable power amplifier 
system. A gate bias is selectively supplied to each of the 
amplifiers which is either at a first value to cause the 
amplifier to amplify or at a second value to cause the 
amplifier to be cut off and therefore to not dissipate any 
DC power. The number of amplifiers receiving the first 
potential is determinative of the amount of power am 
plification of the variable power amplifier. 

5 Claims, 2 Drawing Figures 
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1. 

VARABLE POWER AMPLFER 

This invention relates to variable power amplifiers 
and more particularly to such amplifiers having power 
varied in discrete steps while maximizing efficiency at 
all power levels. 
There are a number of systems which require an 

amplifier capable of selectable output power levels, 
particularly at gigahertz frequencies. A number of 
schemes are known for achieving this result. One such 
scheme is to utilize an FET amplifier. The variable 
output power is achieved by varying the radio fre 
quency (RF) input power level to the power stage of 
the variable power amplifier. The input power to the 
power stage is, in turn, varied typically by a dual-gate 
FET amplifier used in the pre-amplifier stage of the 
variable power amplifier. Such an FET amplifier has 
the undesirable property of having a phase which varies 
substantially with different power levels. A second 
scheme also involving an FET amplifier is to switch the 
drain voltage proportional to the output power. This 
scheme suffers from having to switch large currents and 
also has the aformentioned phase problem. 

It is known to achieve a relatively high-power ampli 
fier system using relatively low-power FET amplifiers 
by putting several such amplifiers in parallel between a 
power divider at the input and a power combiner at the 
output. Such individual amplifiers are subject to failure 
either by open circuit or short circuit. Studies have been 
performed to determine what problems occur when one 
or more of the amplifiers fail. The results of two such 
studies have been reported by R. L. Ernst, R. L. Camisa 
and A. Presser, "Graceful Degradation Properties of 
Matched N-Port Power Amplifier Combiners,” 1977 
IEEE MTT-S International Microwave Symposium 
Digest, June 1977, pp. 174-177 and A. A. M. Saleh, 
"Improving the Graceful-Degradation Performance of 
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system capable of producing four different levels of 
power output; and 

FIG. 2 is an exemplary switchable amplifier used in 
the variable power amplifier system of FIG. 1. 

FIG. 1, to which attention is now directed, illustrates 
an exemplary variable power amplifier system (VPA) 
10 capable of selectively producing any of four different 
output power levels. In one exemplary VPA, which 
will be described in connection with FIG. 1, the output 
levels are 500 milliwatts, 163 milliwatts, 55 milliwatts 
and 16.5 milliwatts, respectively, with an input of 5 
milliwatts. The principals to be described hereinafter 
are applicable to VPAs which are capable of producing 
more or fewer different output power levels. 
An input alternating signal, from a signal source (not 

shown), which may be in the gigahertz range, is applied 
to input port 12 of an in-phase type power divider 14 
which has four output ports 16, 18, 20 and 22 producing 
different power levels. Paradet al. (L. I. Parad and R. 
L. Moynihan, "Split-Tee Power Divider," IEEE Trans. 
Vol. MTT-10, 91, (1965)) has described a two-way 
power divider with unequal power outputs at its two 
output ports. Assuming a two-way power divider hav 
ing an input arm 1 and output arms 2 and 3 all joined at 
junction 24 with a resistor connected between the out 
put arms, as illustrated within.block 14, and further 
assuming that the two arms from junction 24 to resistor 
Rare one-quarter wavelength: 

(2) 

(3) 

where K2=(power through arm 3)/(power through 
arm 2), Z1 is the impedance of the input signal source, 
which is normally 50 ohms, Z2 is the impedance from 

Combined Power Amplifiers," IEEE Trans. Micro- a junction 24 to the junction 26 with resistor R of arm 2 
wave Theory Tech., MTT-28, 1068 (1980). Such studies 
have not been concerned with power efficiency under 
variable output power conditions and of course are not 
concerned with any problems in turning off and on an 
individual amplifier. 
By contrast, the instant invention is concerned with 

an amplifier system which consumes a minimum power 
whether operating under low-power conditions or 
high-power conditions. Further, amplifiers have to be 
able to be turned on as well as off in a relatively short 
time. 

Therefore, in accordance with the invention, a vari 
able power amplifier system comprises in combination a 
plurality of amplifiers connected to respective output 
ports of a power divider at the input end and respective 
input ports of a power combiner at the output end. Each 
of the amplifiers comprises an active device having a 
terminal to which a signal is coupled from one port of 
the power divider and to which is supplied DC bias. A 
logic means selectively supplies a first or second DC 
bias potential to the gate terminal, the first potential 
being of such value to cause the active device to am 
plify, the second potential being below the cut off volt 
age of the amplifier for causing the amplifier to produce 
no signal and consume no power. 

In the drawings: 
FIG. 1 is a preferred embodiment in block and sche 

matic form of an exemplary variable power amplifier 
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and Z3 is the impedance from junction 24 to the junction 
28 with resistor R of arm 3. The impedance of other 
parts of power divider 14 are computed similarly. In an 
exemplary VPA the outputs of the four ports 16, 18, 20 
and 22 have power divisions of -2.22 dB, -6.99 dB, 
- 10 dB and -10 dB, respectively. Thus, for the exem 
plary VPA, input power at input port 12 of 5 milliwatts 
results in an output power at ports 16, 18, 20 and 22 of 
3.0 milliwatts, 1.0 milliwatts, 0.5 milliwatts and 0.5 milli 
watts, respectively. The electrical length from the input 
port 12 to each of the output ports is identical. 

In-phase power divider 14 is not to be confused with 
another type of divider called a hybrid in which phase 
shifting occurs within the power divider. 

Port 16 of power divider 14 is coupled to a first am 
plifier chain within dashed box 30. Similarly, ports 18, 
20 and 22 are coupled to second, third and fourth ampli 
fier chains within dashed blocks 32, 34 and 36, respec 
tively. The outputs of the four amplifier chains are 
coupled to respective input ports 40, 42, 44 and 46 of a 
four-way power combiner illustrated within dashed 
block 50. Power combiner 50 is identical to power di 
vider 14 and has identically valued parts thereof. Power 
combiner 50 has an output port 52 at which is produced 
an output signal of a desired power level. In the exem 
plary embodiment hereinbefore described, the output 
power levels are 500 milliwatts, 163 milliwatts, 55 milli 
watts and 16.5 milliwatts, respectively. 
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Each of the four amplifier chains 30, 32, 34 and 36 
comprises four series-connected power amplifiers such 
as the field effect transistor (FET) amplifiers illustrated 
by four triangles such as 54. Each of the amplifiers may 
be similar to the one illustrated in FIG. 2, to which 5 
attention is now directed. Each amplifier has a signal 
input terminal 60, a signal output terminal 62, a gate DC 
potential terminal 64 and a drain DC potential terminal 
66. Input terminal 60 is series-connected with a DC 
blocking capacitor 70 and a suitable impedance match- 10 
ing network 72 to the gate (G) of an FET power ampli 
fying transistor 74. Terminal 64 is coupled through a 
choke 76 to the juncture of capacitor 70 and matching 
network 72. The source (S) of transistor 74 is connected 
to circuit ground while the drain (D) is series-connected 15 
through an output impedance matching network 78 and 
output blocking capacitor 80 to output terminal 62. 
Capacitor 80 also serves as the input blocking capacitor 
for the following stage. Drain bias potential terminal 66 
is connected through choke 82 to the juncture of match-20 
ing network 78 and blocking capacitor 80. 

In accordance with the invention, there is supplied to 
gate bias terminal 64 one of two potentials. One poten 
tial approximately - 1 volt causes the amplifier to am 
plify. The second voltage provides a pinch-off voltage 
to amplifier 74 such as to stop or substantially stop the 
flow of electrons from the source to the drain thereof 
whereby the amplifier consumes no DC power or sub 
stantially no DC power. This voltage is for a typical 
FET transistor approximately -6 to -8 volts DC. 
With the potential supplied to terminal 64 at the pinch 
off value, no current flows within transistor 74. In gen 
eral, with any type amplifying device, the second volt 
age causes the amplifier to be cutoff such that it passes 
no signal and consumes no DC power. 
The efficiency of an amplifier, either of an individual 

amplifier such as illustrated in FIG. 2 or of an amplifier 
chain such as any of chains 1, 2, 3, 4 of FIG. 1 or the 
entire system of FIG. 1 is as follows: 
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m= (P fout - Pfin)/(Pacin + Plogic.in) (4) 40 

where Pfour is the rf power output, Pfin is the rf input 
power, Pdelin is DC power input and Plogicin is the logic 
signal power input of a logic circuit to be hereinafter 
described which supplies the potential to terminal 64. 5 

Returning to FIG. 1, the gate bias inputs of all of the 
amplifiers in an amplifier chain are connected to an 
associated logic circuit such as a flip-flop. Thus, both 
voltages of the amplifiers in amplifier chain 30 are con 
trolled by the state of flip-flop 90. Similarly, the gate 50 
biases of the amplifiers in amplifier chains 32, 34 and 36 
are controlled by flip-flops 92, 94 and 96, respectively. 
A master control logic 98 is connected to each of flip 
flops 90,92, 94 and 96 to control the states thereof. For 
example, with flip-flop 90 in one state, a potential is 55 
applied to each of the amplifiers in amplifier chain 1 to 
cause amplification. With flip-flop 90 in the other state, 
potential is supplied to each of the amplifiers in ampli 
fier chain 1 to cause the associated transistor to be 
pinched off such that the amplifiers produce substan- 60 
tially no output power and, thus, no output power is 
supplied to port 40 of four-way power combiner 50. It 
will be realized that it is not essential that there be four 
amplifiers provided in each amplifier chain. Due to the 
required power transfer of amplifier chain 1, in one 65 
particular embodiment, with an input power of 3 milli 
watts and a desired output power of 300 milliwatts and 
given the power capacity available of FETs, four FET 

4. 
amplifiers are required. However, the other amplifier 
chains are required to pass less power and, therefore, 
could utilize a fewer number such as 3, 2 or 1, of transis 
tors of relatively large power handling capability or a 
greater number of transistors of relatively low power 
handling capability. The latter route was chosen in the 
exemplary embodiment illustrated in FIG. 1. This latter 
arrangement has the advantage of easily providing for 
the same electrical path length through each of the four 
amplifier chains. 

In operation, an input signal of a desired frequency 
and power level is supplied at input port 12 of VPA 10. 
If all logic devices 90, 92, 94 and 96 are producing 
output potentials at the first value such that all amplifi 
ers in all amplifier chains are amplifying, VPA 10 pro 
duces its maximum output power, which may be, by 
way of example, 500 milliwatts, at output port 52. 
When it is desired to have a lower power amplifica 

tion, respective ones of flip-flops 90, 92, 94 and 96 are 
caused to change their state to pinch-off the FET ampli 
fier or amplifiers in one or more of the amplifier chains. 
Since, as mentioned in connection with the description 
of FIG. 2, when an amplifier chain is cut-off there is no 
current flow, the total efficiency of this system remains 
relatively high. Thus, utilizing equation (4) with all four 
amplifier chains operational Pfin is, as previously men 
tioned, 5 milliwatts, Pafout is, as previously mentioned, 
500 milliwatts, the DC power-in, with all amplifiers 
operational, is 3,160 milliwatts and the logic power is 
typically 10-20 milliwatts. Therefore, utilizing equation 
(4), the efficiency is 15.6%. With amplifier chain No. 1 
cut off, the input power remains at 5 milliwatts, the 
output power is 163 milliwatts, as abovementioned, the 
DC input power is 1,174 milliwatts and the logic is, as 
above mentioned, 10 milliwatts. Therefore, in accor 
dance with equation (4), the efficiency is 13.2%. Simi 
larly, with amplifier chains 1 and 2 cutoff by proper 
choice of state of flip-flops 90 and 92, efficiency is 
9.25% and with the three chains 1, 2 and 3 cut off, the 
efficiency is still 4%. The relatively high efficiency 
maintained with various amplifier chains cutoff is possi 
ble because when the gate voltage is at pinch-off value, 
there is no current flow in a given FET and, therefore, 
the power dissipation is essentially 0. The logic circuits 
90, 92, 94 and 96 draw a very minimal current, in the 
example above-given only 10 milliwatts, which is essen 
tially insignificant. 

It will be realized that there are some losses in the 
power combiner when less than all amplifier chains are 
operational. Therefore, by way of example, for the 
exemplary system of FIG. 1 with amplifier chain No. 1 
(block 30) off, the total power available at the output of 
amplifier chains 2, 3 and 4 is 200 milliwatts while the 
system output power is 163 milliwatts, as described in 
A. A. M. Saleh, "Improving the Graceful-Degradation 
Performance of Combined Power Amplifiers," IEEE 
Trans. Microwave Theory Tech., MTT-28, 1068 
(1980). 

In the exemplary system it is desired to produce only 
four different power levels so the amplifier chains are 
cutoff or added as indicated above. It is possible to 
cutoff the amplifier chains in any order and, thus, have 
15 different power levels present with various combina 
tions of amplifier chains cutoff. 
What is claimed is: 
1. A variable power amplifier system comprising, in 

combination: 
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an in-phase power divider network having an input 
port for receiving thereat an alternating signal to be 
amplified in power and having N output ports; 

an in-phase power combining network having N 
input ports and one output port; 5 

N signal amplifier means coupled to respective ones 
of said N output ports to receive said alternating 
signal therefrom to be amplified and coupled to 
respective ones of said N input ports to provide 
amplified signals thereto; 

each of said amplifiers comprising an active device 
having a terminal coupled to receive said alternat 
ing signal and also adapted to receive a bias poten 
tial thereat; and 

logic means coupled to each said terminal for selec 
tively supplying either a first or a second bias po 
tential thereto, said first potential being of such 
value as to cause said device to amplify, said sec 
ond potential being of such value as to cause said 
device to be cut off to thereby provide no output 20 
signal and consume no power; 

whereby the power supplied to said output port of 
said power combining network is a function of 
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6 
which amplifiers are at said first bias potential and 
which are at said second bias potential. 

2. The combination as set forth in claim 1 wherein 
said power divider network is adapted to produce un 
equal values of power at respective ones of its N output 
ports. 

3. The combination as set forth in either claim 1 or 
claim 2 wherein said amplifier means for at least one 
port comprises a plurality of series-connected amplifi 
ers, each such amplifier comprising an FET having a 
gate terminal and wherein said logic means supplies to 
all said gate terminals for all the amplifiers of said one 
port amplifier means either said first potential or said 
second potential. 

4. The combination as set forth in claim 1 or claim 2 
wherein the electrical length from the input port of said 
power divider network to the N output ports thereof 
are identical. 

5. The combination as set forth in claim 4 wherein 
said power combining network is identical in configura 
tion to said power divider network. 


